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(57) ABSTRACT

A wire electric discharge machining method of machining the
workpiece with different thickness into a required shape with
first cut and second cut. The method includes the steps of (a)
detecting a position of the wire electrode relative to the work-
plece (b) detecting change 1n thickness of the workpiece
during first cut, (c¢) storing the position of wire electrode as a
thickness change position (Q1) when change 1n thickness of
the workpiece from a first thickness (1) to a second thickness
(t2) 1s detected, (d) formmg a zone (o) around the thickness
change position, (€) comparing the position of wire electrode
to the zone during second cut, and (1) changing at least one
machining condition during times when it 1s determined that
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FIG.3A
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FIG.3B8
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WIRE ELECTRIC DISCHARGE MACHINING
METHOD OF MACHINING WORKPIECE
WITH DIFFERENT THICKNESS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a wire electric discharge
machining method of machining the electrically conductive
workpiece by electric discharge. More particularly, the
present invention relates to a wire electric discharge machin-
ing method of machining the workpiece with different thick-
ness mto a required shape with first cut and second cut.

2. Description of the Related Art

The wire electric discharge machining method 1s capable
of removing material from the workpiece by repeatedly gen-
erating electric discharge across a work gap formed between
the workpiece and a running wire electrode. The work gap 1s
immersed 1 dielectric fluid such as deiomized water. The
clectric discharge 1s generated by application of a series of
controlled power pulses to the work gap. Asillustrated 1n FIG.
1, the wire electrode E 1s vertically aligned between a pair of
wire guides WG and moved relative to the workpiece W
within a horizontal XY plane. During machining, a voltage
across the work gap (“gap voltage™) 1s fed back to an NC
device for CNC wire electric discharge machine. The NC
device controls feed rate of wire electrode so that the mean
gap voltage 1s maintained at a servo reference voltage. As a
mean gap voltage 1s considered to be proportional to the size
or distance of the work gap, the servo reference voltage 1s set
in accordance with an optimum size of the work gap. A power
pulse of larger electrical energy increases material removal
rate while 1t decreases roughness of machined surface and
shape accuracy. In general, 1n order to balance material
removal rate, surface roughness and shape accuracy, wire
clectric discharge machining 1s divided into a number of
machining steps. In preparation for machining, a wire path
and a set of machining conditions are determined for each
machining step. Firstly, the wire electrode 1s moved on a first
wire path, and the workpiece 1s cut to a rough required shape
with a large electrical energy at high speed. Such rough
machining 1s called first cut. At the time first cut 1s completed,
surplus material that must be removed remains on the cut
surface, and the cut surface does not have the required rough-
ness. Next, the cut surface i1s finished at a required shape
accuracy using a small electrical energy. Such finishing
includes several machining steps and 1s collectively called
second cut or skim cut. During second cut, the wire electrode
1s made to move on wire paths so that the size of the work gap
becomes smaller. In this manner, the surplus material 1s
gradually removed to obtain the required shape accuracy, and
the roughness of the cut surface i1s gradually reduced to a
required value. Normally, a smaller electrical energy 1s sup-
plied to a work gap of smaller size for each subsequent
machining step.

FIG. 1 1llustrates the workpiece W with different thickness
being machined in first cut. Change in thickness of the work-
piece W causes change in machining area which i turn
results 1n undesirable change in size of the work gap. Japa-
nese publication of examined application No. 63-025889 dis-
closes a method 1n which change 1n thickness of the work-
piece 1s detected based on a feedback of a mean gap voltage or
feed rate and machining conditions are changed in accor-
dance with the detected thickness of the workpiece. However,
as removal material 1n second cut 1s much smaller than that 1n
first cut, 1t 1s difficult to accurately detect change 1n thickness
of the workpiece based on a feedback of a mean gap voltage
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or feed rate. In second cut, for example, 1 a wire electrode E
reaches a position Q2 on a second wire path P2 and thickness
of the workpiece W 1s decreased from t1 to 12, the size of the
work gap 1s undesirably increased, as illustrated 1n FIG. 2.

SUMMARY OF THE INVENTION

An object of the present mvention 1s to provide a wire
clectric discharge machiming method which 1s capable of
determining a position at which at least one machining con-
ditions should be changed i1n accordance with change 1n
thickness of the workpiece 1n second cut.

The present invention 1s a wire electric discharge machin-
ing method of machining the workpiece into a required shape
with first cut and second cut. For each cut, the setting of
machining conditions and wire path on which a wire elec-
trode 1s moved relative to the workpiece are different for each
cut. The method includes the steps of (a) detecting a position
of the wire electrode relative to the workpiece, (b) detecting
change 1n thickness of the workpiece duning first cut, (c)
storing the position of wire electrode as a thickness change
position (Q1) when change in thickness of the workpiece
from a first thickness (t1) to a second thickness (12) 1s
detected, (d) forming a zone (o) around the thickness change
position, (¢) comparing the position of wire electrode to the
zone during second cut, and (1) changing at least one machin-
ing condition during times when 1t 1s determined that the wire
clectrode 1s positioned 1n the zone.

Preferably, a side length of the zone 1s based on a difference
between a first offset (OF1) for first cut and a second offset
(OF2) for second cut.

Preferably, the method includes a step of forming an addi-
tional zone (p) around a crossing position (Q0) at which the
wire electrode reaches the zone. The step (1) includes chang-
ing at least one machining condition when it 1s determined
that the wire electrode 1s positioned outside the additional
zone.

It 1s preferable that the method further includes a step of
storing the first and second thicknesses related to the thick-
ness change position.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view illustrating the workpiece
being machined 1n first cut.

FIG. 2A 1s a plain view 1illustrating the workpiece being
machined 1n second cut.

FIG. 2B 1s a side view 1llustrating the workpiece of FIG.
2A.

FIG. 3 1s a flow chart 1llustrating a wire electric discharge
machining method of the present invention.

FIG. 4 1s a block diagram illustrating an NC device for
CNC wire electric discharge machine which 1s suitable for the
wire electric discharge machiming method of FIG. 3.

FIG. § 1s an example of a table 1n which first and second
thicknesses are related to thickness change position 1n first
cut.

FIG. 6 15 a plain view illustrating a zone formed around the
thickness change position.

FIG. 7 1s an exemplary table showing relationship between
the thickness and machining conditions.

DETAILED DESCRIPTION OF THE INVENTION

A wire electric discharge machining method of the present
invention will now be described with reference to the draw-
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ings. The workpiece with different thickness 1s machined 1n
accordance with a process of FIG. 3.

The method of the present invention 1s performed by an NC
device of FIG. 4. The NC device comprises a processor 1, an
iput device 2, a first memory 3, a second memory 4, a
machining state detector 5 and a position detector 6. The input
device 2 has a disc drive, a network adapter and a keyboard.
The first memory 3 comprises a hard disc drive or flash
memory and stores condition files CF. The condition file CF
includes a table of machining conditions and a condition file
number 1s assigned to each condition file CF. The machinming,
condition 1s, for example, an ON-time, OFF-time and current
peak of power pulse, an ofiset, a servo reference voltage and
a feed rate. The offset 1s defined as a distance from the
required shape to the wire path. For example, an offset OF1 in
first cut 1s shown 1n FIG. 6 as a distance from the required
shape PL to a first wire path P1. The oflset 1s set 1n consider-
ation of a radius of wire electrode and removal material. The
processor 1 includes a program memorizing means 10, a
decoder 20, a program executing means 30, a classifier 40, a
first thickness change position detector 50, a zone forming
means 60, a second thickness change position detector 70
and, a machining condition controller 80. The machining
state detector 5 detects a machining state feedback such as a
mean of current flowing through the work gap and feed rate.
The mean gap current feedback IP and feed rate feedback SF
are supplied to the first thickness change position detector 50.
The position detector 6 comprises a linear scale and a counter,
and detects a current wire position PD. The current wire
position PD 1s supplied to the first and second thickness
change position detector 50 and 70. The zone forming means
60 1s provided for forming a zone o which a wire electrode E
can cut across in second cut, as i1llustrated in FIG. 6. The
second thickness change position detector 70 instructs the
machining condition controller 80 to change at least one
machining condition during times when it 1s determined that
the wire electrode 1s positioned 1n the zone a.

An NC program NP for machining the workpiece W with
different thickness into a required shape 1s read by the mput
device 2. The program memorizing means 10 causes the first
memory 3 to store the NC program NP. The NC program NP
includes a condition file number for each machining step. The
NC program NP further includes an additional NC code such
as “FT1080” or “F12040” for each machining step. The
“FT1080” means that machining conditions in a {irst machin-
ing step, 1.€., {irst cut 1s imtially intended to an 80 millimeter-
thick workpiece. The “F12040” means that machining con-
ditions 1n a second machining step 1s 1mitially intended to an
40 millimeter-thick workpiece. The decoder 20 fetches and
decodes the NC program NP 1n programmed order to obtain
commands CM and the machining conditions ND. The com-
mands CM and machining conditions ND are stored 1n the
second memory 4. The program executing means 30 reads
and processes the commands CM and machining conditions
ND to supply control signals EM to a power supply, a dielec-
tric fluid supply and motor controllers. The program execut-
ing means 30 reads a condition file CF 1n the first memory 3
in accordance with a condition file number. A number of
condition files CF are stored in the second memory 4. The
classifier 40 receives data CT representative of current
machining step from the program executing means 30 and
classifies a current machining step into first cut and second
cut. ITthe current machining step 1s classified into first cut, the
classifier 40 sets N1. Otherwise, the classifier 40 sets N2. At
step S1, 11 N1 1s set, the first thickness change position detec-
tor 50 detects change in thickness of the workpiece based on
changes 1n a mean gap current feedback IP or feed rate feed-
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back SF during first cut. At step S2, 1f the first thickness
change position detector 50 detects change in thickness of the
workpiece W from t1 to 12 at a thickness change position (01,
it causes the second memory 4 to store the thickness change
position Q1 at step S3. Further, the first and second thick-
nesses t1 and t2 are stored in the second memory 4 at step S4.
As 1llustrated 1n FIG. 5, a serial number 1s assigned to the
thickness change position Q1, and the thicknesses t1 and 12
are related to the thickness change position Q1 in the second
memory 4. FIG. 5 shows five changes in thickness as an
example. At step S5, at least one machining condition such as
an ON-time, OFF-time and current peak of power pulse 1s
changed so as to be suitable for the second thickness t2.

when {irst cut 1s completed and second cut 1s started, N2 1s
set at the step S1. Then, process proceeds to step S6 where the
zone forming means 60 reads an offset OF1 and thickness
change position Q1 1n first cut from the second memory 4.
The zone forming means 60 further reads an offset OF2 1n
current second cut from the second memory 4, at step S7. At
step S8, the zone forming means 60 forms a square-shaped
zone o around the position Q1, as 1llustrated in FIG. 6. The
side length L of the zone ¢ 1s based on a difference between
the first and second offsets OF1 and OF2 so that a second wire
path P2 can cross the zone o 1in second cut. The side length L
of the square-shaped zone o 1s calculated by the following
equation:

L=2(OF1-OF2+8)/sin 6

i

The o0 1s a margin for error between a programmed wire
path and an actual wire path, and a few um to about a dozen
um. The 0 1s a degree of the angle formed by the intersection
of the required shape PL with a line A. The line A 1s an
extension ol a line on which thickness of the workpiece W
changes. The zone o and the side length L are related to the
position Q1 and stored 1n the second memory 4. The second
thickness change position detector 70 reads the zone ¢ and
the side length L. and compares the current wire position PD
to the zone a.. When the second thickness change position
detector 70 determines that a wire electrode E reaches the
zone o. at a crossing position QO0, at step S9, 1t forms an
additional square-shaped zone [ around the crossing position
0, at step S10. The square-shaped zone {3 has the side length
L.. The second thickness change position detector 70 com-
pares a current wire position the additional zone . When 1t 1s
determined that a wire electrode E 1s positioned at a position
Q2 outside the additional zone {3 at step S11, the second
thickness change position detector 70 instructs the machining
condition controller 80 to change at least one machining
condition at the position Q2 in the zone a. At step S12, the
machining condition controller 80 reads the thickness 12
related to the position Q1 1n order of serial number. In case
that a wire electrode E 1s being moved 1n an opposite direction
of the first wire path P1, the machining condition controller
80 reads the thickness t1 related to the position Q1 in reverse
order of serial number. The machining condition controller 80
reads a servo reference voltage SV and a feed rate SS from the
second memory 3 in accordance with the thickness {2 and
current machiming step. FIG. 7 illustrates an exemplary table
in the first memory 3 showing relationship between thickness
and machining conditions. The servo reference voltage SV
and feed rate SS are supplied to the program executing means
30. At step S13, at least one machining condition 1s changed
so as to be suitable for the second thickness t2. At step S14, 11
current machining step 1s completed, process proceeds to step
S15. Otherwise, process goes back to the step S9. At step S15,
if all machining steps are completed, process ends. Other-
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wise, process goes back to the step S7 where the zone forming,
means 60 reads a next offset 1n third machining step.

The present 1invention 1s not intended to be limited to the
disclosed form. It 1s clear that many improvements and varia-

tions are possible with reference to the above description. For 3

example, though machiming condition i1s changed at the posi-
tion Q2 during second cut, 1t could be gradually changed from
the position Q0 to the position Q2. The 1llustrated embodi-
ment was selected to explain the essence and practical appli-

cation of the invention. The scope of the invention 1s defined 10 hetween a first o

by the attached claims.

The mvention claimed 1s:

1. A wire electric discharge machining method of machin-
ing a workpiece mnto a required shape with a first cut and a
second cut, each cut corresponding with different machining
conditions and a wire path on which a wire electrode 1s moved
relative to the workpiece being set for the cut, the method
comprising the steps of:

(a) detecting a position of the wire electrode relative to the

workpiece;

(b) detecting a change 1n thickness of the workpiece during

the first cut;

(c) storing the position of the wire electrode as a thickness

change position when change 1n thickness of the work-

piece from a first thickness to a second thickness 1s
detected;

6

(d) forming a zone around the thickness change position;

(¢) comparing the position of the wire electrode to the zone
during the second cut; and

(1) changing at least one machiming condition during times
when 1t 1s determined that the wire electrode 1s posi-
tioned 1n the zone.

2. The wire electric discharge machining method of claim
1, wherein a side length of the zone 1s based on a difference
Tset for the first cut and a second offset for

the second cut.

3. The wire electric discharge machining method of claim
1, turther comprising the step of:

storing the first and second thicknesses related to the thick-
ness change position.

4. The wire electric discharge machining method of claim
1, turther comprising the step of:

forming an additional zone around a crossing position at
which the wire electrode reaches the zone,

wherein the step (1) comprises changing at least one
machining condition when 1t 1s determined that the wire
clectrode 1s positioned outside the additional zone.
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